While antigen-inexperienced (naive) T cells appear to require constant tickling of their receptor by self-antigens for homeostasis, antigen-experienced (memory) T cells have no such requirement. An implication is that long-term T-cell memory does not depend on persisting antigen.
The goal of vaccination is to provide the recipient with a faster, more effective response to subsequent infection. Part of this heightened response to secondary challenge is quantitative: the frequency of T cells specific for any one antigen may go from 1 in 10 4 -10 5 in the antigen-inexperienced naive T-cell pool, to 1 in 10 1 -10 2 in the antigenexperienced memory T-cell pool. The rest is qualitative: memory T cells respond faster than naive T cells in terms of their commitment to proliferation, generation of effector molecules and mobilization into tissues. It has previously been suggested that memory T cells require continuing exposure to antigen, or to a cross-reactive form of the original antigen, in order to survive. These suggestions implied that the best vaccines, that is those imparting long-lived protection, would come in the form of persistent infections -a rather difficult proposition. More recent studies in which the fate of memory CD4 + or CD8 + T cells has been followed, suggest some good news, however, namely that memory T cells can survive and even expand in an environment that is completely free of any form of antigen.
T cells recognize antigen only as peptide fragments presented in the groove of major histocompatibility complex (MHC) surface glycoproteins. CD4 + T cells recognize peptide bound to MHC class II molecules, which are expressed largely on dendritic cells and B cells. CD8 + T cells recognize antigen in association with MHC class I molecules, which are more widely expressed. The T-cell antigen receptor is generated by gene rearrangement in the thymus and each T cell expresses one receptor. The affinity of this receptor for foreign antigen -that is, the peptide-MHC complex -is rather low, with most estimates putting K D values in the micromolar range. Even after it became possible to make soluble peptide-MHC complexes, such low affinity made it impossible to use these complexes to detect T cells via the T-cell receptor.
The introduction of soluble, multimeric, fluorogenic MHC-peptide complexes or 'tetramers' has made it possible to readily detect T cells on the basis of their antigen specificity and has ushered in the 'new numerology' of Tcell responses [1] . Using tetramers, it has been shown that, in the case of the CD8 + T-cell response to viral or bacterial infection, naive T cells divide every 6-8 hours during the first days of infection to reach enormous numbers at the peak of the response. When the immune system gets the upper hand and antigen load decreases, most effector CD8 + T cells die off, leaving behind an expanded pool of resting memory cells.
Memory T cells emerge from the peripheral pool of naive cells when antigen is introduced into an animal and subsequently cleared. The specificity of the T-cell receptor selects which naive T cells respond to antigen. We would therefore expect the repertoire of T-cell receptor in the naive and memory pools to be very different, with the memory repertoire representing just a small subset of the naive repertoire. A dramatic illustration of this was recently provided by Arstila et al. [2] . By exhaustive sequencing of just a small segment of the T-cell receptor repertoire, they estimated that, in humans having 10 12 peripheral T cells, the repertoire diversity of the naive pool approached 2.5 × 10 7 specificities, while the memory pool, though equal in terms of numbers, had a receptor diversity of only 1-2 × 10 5 . The naive pool of T cells (and B cells) has to expect the unexpected and therefore must maintain enormous receptor diversity. T cells in the memory pool, however, have a much greater chance of meeting antigen again, having already proven that their receptor specificity is relevant to the host.
Homeostasis of the naive and memory T-cell pools are maintained separately since we cannot remain healthy in the absence of either one [3] . The naive pool receives input of new T cells from the thymus, and loses T cells when they respond to antigen to become effectors and memory cells. The memory pool receives input from the naive pool following an immune response. It is important that new T cells arriving from the thymus do not displace cells from the memory pool, and that large clonal expansions in response to antigen do not compress the naive pool. It has recently come to light that one of the factors regulating the homeostasis of T cells, namely the dependence on continuing T-cell receptor interaction with MHC, differs between the naive and memory T-cell pools.
During their development, thymocytes are positively selected for maturation by extremely low-affinity interactions between their T-cell receptor and self-MHC-peptide complexes. A large body of work has shown that after emigrating from the thymus to the lymphoid periphery, naive T cells need to continue to interact with MHC molecules (that are presenting self-peptides) in order to survive [4] . As an extension of this finding, following T-cell depletion (by irradiation, or antibody depletion) a small number of naive T cells can expand slowly to fill up the space. Such homeostasis-driven proliferation also requires T-cell receptor interaction with self-MHC molecules. Thus, before naive T cells have proven their value in protecting against foreign pathogens in the environment, they need to undergo receptor-mediated interactions with selfantigen to survive. As far as we are aware, such a requirement for self-recognition for the survival and homeostatic regulation of naive T cells does not lead to overt autoimmunity. However, if T cells with relatively strong reactivity to self have an advantage, then it remains to be seen whether autoimmunity will follow as a consequence of this requirement for self-recognition.
The situation with memory T-cell survival appears to be very different. Maintenance of the memory T-cell pool does not depend on interactions between T-cell receptors and MHC molecules presenting either foreign or self-peptides. The response of transferred CD4 + T cells to antigen was followed in mice that lacked B or T cells. After the delivery of a pulse of antigen on dendritic cells, the memory cells that developed did not need to see antigen or even the same MHC molecules to survive in the periphery [5] . Furthermore, by adoptive transfer of activated CD4 + T cells into T-cell-depleted wild-type hosts, or into hosts that completely lack expression of MHC class II molecules, Swain et al. [6] showed that survival of memory CD4 + T cells was equivalent in the presence or absence of MHC class II. In an analogous set of experiments, Murali-Krishna et al. [7] used polyclonal or monoclonal populations of CD8 + T cells specific for antigens derived from lymphocytic choriomeningitis virus to analyze the maintenance of memory versus naive T cells. Theis group showed clearly that memory CD8 + T cells do not depend on recognition of MHC class I molecules for their homeostasis, as both survival and expansion of memory T cells occurred without class I molecules. Neither tickling of the T-cell receptor by self-antigen nor continuing foreign antigen encounters were required.
What then is responsible for maintaining memory T-cell numbers? At least in the case of memory CD8 + T cells, we now have some very strong indications that the cytokine interleukin-15 (IL-15) may play a key role. Sprent's group [8] first noticed that agents that induced the release of type I interferons in vivo cause bystander cells of the memory CD8 + T-cell phenotype to proliferate in an antigen-independent manner. Part or all of this 'kick-in-thepants' to memory CD8 + T cells could be narrowed down to the interferon-induced release of IL-15 [8] . The capacity of IL-15 to stimulate memory CD8 + but not CD4 + T cells was confirmed following analysis of mice bearing a genetic ablation of either the IL-15 receptor [9] or of IL-15 itself [10] . In these mice, there is a selective deficiency in the antigenexperienced, memory CD8 + T-cell pool suggesting that the formation and/or survival of these cells requires IL-15.
Furthermore, the steady rate of turnover observed in memory CD8 + T cells in normal mice is diminished by treatment with an antibody that blocks IL-15 receptor signaling, indicating that IL-15 mediates antigen-independent proliferation of memory CD8 + T cells. The heterotrimeric IL-15 receptor shares two chains with the IL-2 receptor, however, and signaling by both IL-2 and IL-15 is blocked by this antibody. When the action of IL-2 is selectively blocked, leaving intact the function of IL-15, then a dramatic increase in the proliferation and accumulation of memory CD8 + T cells is observed [11] . This latter observation suggests that, while IL-15 may drive the proliferation of these cells, IL-2 may serve as a 'brake'. Dispatch R339
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In the thymus, low-affinity interactions of the T-cell receptor with MHC molecules presenting self-peptides promote the maturation of thymocytes, which emigrate as naive T cells to the peripheral pool. Before they meet foreign antigen (MHC molecules presenting foreign peptides) in the periphery, naive T cells remain dependent on low-level receptor triggering by self-antigens for survival and homeostasis. Memory T cells that develop after foreign antigen has been cleared seem to be independent of MHC molecules for survival and homeostasis.
Most of the experiments on the homeostatic regulation of memory T cells have, by necessity, been carried out in artificial systems, for example, by transferring cells into T-cell-deficient mice. What about the real world of the intact animal? Another recent study has shown that when infection with virus A is followed by infection with virus B and virus C, and so on, then the memory pool size for virus A decreases somewhat with each new challenge [12] . The memory compartment therefore has to 'make room' for new specificities. Despite this, the increase in precursor frequency and the rapid-response kinetics of memory cells still make for a heightened secondary response to the first pathogen.
These studies are good news for those working with vaccination protocols designed to confer long-lasting protection. Memory T cells can survive and maintain their rapid-response mode in the absence of ligands for the T-cell receptor [13] . While it may still be a good idea to vaccinate with forms of antigen that stay around for a while (such as DNA vaccines, antigen depots, or persistent virus), the recent work demonstrates that it is not a requirement that antigen be kept in the system.
